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METHOD OF TREATING WITH STABLE 
PRAVASTATIN FORMULATION 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

This patent application claims priority to and the bene?t of 
US. Provisional Application No. 60/533,707, ?led Dec. 31, 
2003, Which is incorporated by reference. 

FIELD OF THE INVENTION 

This invention relates to stabilized pravastatin pharmaceu 
tical compositions, a process for their preparation, and thera 
peutic methods of use. 

BACKGROUND OF THE INVENTION 

Pravastatin, having the chemical designation [lS- [ l 0t([3S *, 
6S*),2(x,6(x,8[3-(R*),8a(x]]-l,2,6,7,8,8a-Hexahydro-[3,6,6 
trihydroxy-2 -methyl-8-(2 -methyl- 1 -oxobutoxy)-l -naphtha 
leneheptanoic acid, Was originally disclosed by Terahara et al. 
in US. Pat. No. 4,346,227. This compound, typically 
included as a sodium salt in pharmaceutical formulations, is 
knoWn to function as a lipid-loWering compound. In a com 
monly accepted mechanism of action, pravastatin inhibits 
cholesterol biosynthesis by inhibiting HMG-CoA reductase, 
an enZyme that catalyZes an early rate-limiting step in cho 
lesterol biosynthesis, i.e., the conversion of HMG-CoA to 
mevalonate. This inhibition, and resulting reduction, in cho 
lesterol levels in humans is desirable, particularly in those 
individuals having hyperlipidemia, or those having experi 
enced, or Who are believed to be susceptible to experiencing, 
coronary or cardiovascular events. 

Pravastatin sodium is marketed in the form of tablets for 
oral administration in 10 mg, 20 mg, 40 mg and 80 mg 
strengths. These tablets are currently indicated in the preven 
tion of coronary events, (b) the secondary prevention of car 
diovascular events; and (c) hyperlipidemia. 
One property affecting the formulation of pravastatin is its 

tendency to become unstable and degrade, forming lactone as 
a degradation product, upon exposure to certain environmen 
tal conditions (e.g., acidic environments) or pharmaceutical 
excipients. Despite precautions, pravastatin degradation is so 
prevalent that the shelf life of current pravastatin formulations 
is limited at present to 3 years from the date of manufacture. 

Prior efforts to limit pravastatin degradation in pharmaceu 
tical formulations involved providing a formulation With a 
highly alkaline pH, i.e., greater than 9. This Was accom 
plished by including basic components (e. g., buffering 
agents) in the formulations in amounts effective to provide the 
formulation With the desired alkaline pH. Illustrative of these 
basic components include magnesium oxide, aluminum 
oxide, an alkali metal hydroxide such as sodium hydroxide, 
potassium hydroxide or lithium hydroxide, or an alkaline 
earth metal hydroxide such as calcium hydroxide or magne 
sium hydroxide. Commonly, these components constitute up 
to about 75 Wt. % of the oral dosage form. 

HoWever, formulations having this relatively high pH are 
potentially harmful to the gastric mucosa of patients. Further, 
the inclusion of certain binders, ?llers, disintegrants, lubri 
cants, coloring agents, and other commonly used excipients 
Was found to cause the pravastatin to become unstable and 
degrade, even When the formulation Was prepared to exhibit a 
highly alkaline pH (i.e., a pH in excess of 9). 

Other efforts to limit pravastatin degradation in oral phar 
maceutical formulations required processing of the pravasta 
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2 
tin prior to preparing the ?nished formulation. These pro 
cesses included co-crystalliZation and/or co-precipitation of 
the pravastatin With a basifying agent to form a ?nely distrib 
uted homogenous component. Processes of this type, hoW 
ever, are costly, and also require the use of organic solvents 
that may pose haZards to Workers during processing, and 
Which must be removed from the ?nished formulation. 

Thus, despite prior efforts, there remains a need for oral 
pravastatin formulations, and processes for their preparation 
and use, that have a relatively neutral pH, in Which the prav 
astatin remains substantially stable, and that do not require 
processing that is relatively costly, unduly complicated, or 
use potentially hazardous organic solvents in the preparation 
of the formulations. 
The present invention meets the aforesaid and other needs, 

as Will be apparent from the description of the invention 
provided herein. 

BRIEF SUMMARY OF THE INVENTION 

The present invention provides, in one embodiment, an 
oral pravastatin composition comprising a physical mixture 
of pravastatin and at least one pharmaceutically-acceptable 
excipient, Wherein the composition for at least 6 months after 
its preparation is stable and has a pH of greater than about 7 to 
less than 9. 

In a related embodiment, the invention provides a stable 
oral pravastatin composition comprising a physical mixture 
of pravastatin and at least one pharmaceutical excipient, 
Wherein the composition for at least 6 months after its prepa 
ration, after being placed in a sealed container, comprises less 
than about 2% lactone after residing for 3 months in a stability 
chamber set at 400 C. and 75% relative humidity. 
A further embodiment of the invention provides an oral 

pravastatin composition comprising pravastatin, Wherein the 
composition for at least 6 months after its preparation, after 
being placed in an unsealed container, comprises less than 
about 0.34 Wt. % of a heretofore unknoWn impurity (referred 
to herein as Impurity A) after residing for 1 Week in a stability 
chamber set at 550 C. and 75% relative humidity. 

Related embodiments of the invention include processes 
for preparing the aforesaid stable oral pravastatin composi 
tions, Wherein these processes comprise physically mixing 
pravastatin and at least one pharmaceutically-acceptable 
excipient in amounts su?icient to provide the composition 
With a pH of about 7 to less than 9, and forming the mixture 
into an oral composition. 

Methods forusing the aforesaid stable oral dosage forms of 
pravastatin are also contemplated in other embodiments of 
the invention, the methods comprising administering a thera 
peutically effective amount of pravastatin as provided in the 
inventive stable oral dosage compositions to a human in the 
prevention of coronary events, in the secondary prevention of 
cardiovascular events, or in hyperlipidemia therapy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a chromatogram by HPLC of Provacol® contain 
ing 10 mg of pravastatin after a closed dish accelerated deg 
radation study conducted in a stability chamber set at a tem 
perature of 400 C. and 75% relative humidity. 

FIG. 2 is a representative spectrum index for ImpurityA by 
diode array analysis. 

FIG. 3 is a representative spectrum index for pravastatin by 
diode array analysis. 
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FIG. 4 is a representative spectrum index for lactone by 
diode array analysis. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides stable oral dosage formu 
lations of pravastatin, processes for their preparation and 
methods for their use, that overcome disadvantages present in 
knoWn formulations, processes and methods of use. 

Exemplary of the bene?ts provided by the present inven 
tion relative to existing formulations are a decrease in the pH 
of the formulation Without an unacceptable loss in stability of 
pravastatin and/ or formation of Impurity A above acceptable 
levels, and ease of processing accompanied by a reduction in 
cost. 

The present invention provides the foregoing and other 
bene?ts by, in one embodiment, providing an oral pravastatin 
composition comprising a physical mixture of pravastatin and 
at least one pharmaceutically-acceptable excipient, Wherein 
the composition for at least 6 months (and desirably for at 
least 12 months, more desirably for at least 18 months, pref 
erably for at least 24 months, more preferably for at least 30 
months, and most preferably for at least 36 months) after its 
preparation is stable and has a pH of greater than about 7 to 
less than 9. 

Each embodiment of the present invention includes prav 
astatin. A reference to pravastatin herein, unless otherWise 
indicated, includes pravastatin per se and, desirably, pharma 
ceutically-acceptable salts of pravastatin, such as pravastatin 
sodium (a preferred salt). Salts Were found to provide more 
favorable physiochemical properties, e. g., solubility, and thus 
are preferred forms of pravastatin relative to pravastatin per 
se. 

In addition to describing the chemical nature of the active 
ingredient used in the present invention, the term pravastatin 
as used herein should be understood as also incorporating 
certain physical attributes of this active. Speci?cally, the term 
pravastatin used herein also describes an active that has not 
been subjected to preformulation processing that combines 
pravastatin With an excipient, typically a solid excipient, e.g., 
coprecipitation or co-crystalliZation. One of the perceived 
advantages of the present invention is the ability to prepare 
stable oral pharmaceutical formulations of pravastatin by 
combining the various components of the formulation and 
unprocessed pravastatin via physical mixing, e.g., granula 
tion (e.g., Wet granulation, dry granulation, ?uid-bed granu 
lation), spheroniZation, spray-drying, spray-congealing, With 
the resulting mixed composition being subsequently formed 
into the desired oral dosage form. Direct compression of the 
mixed components is also contemplated in the present inven 
tion, and may be used. It is believed that, in excluding the 
preformulation processing of pravastatin, and in using physi 
cal mixing of the various formulation components, the inven 
tive formulations and processes provide time and cost advan 
tages relative to existing formulations and processes. 

The pravastatin included in the present invention is, desir 
ably, included in an amount suf?cient to prevent or treat an 
illness or condition a?licting an animal, particularly humans. 
Thus, While the amount of pravastatin in the inventive formu 
lations is not necessarily limited, one should be cogniZant of 
including amounts of pravastatin and excipients that together 
Will result in an oral formulation having the desired pH. 
Generally, the amount of pravastatin that may be included 
therein may range from about 1 to about 60 Wt. % of the 
formulation, desirably from about 5 Wt. % to about 50 Wt. %, 
more desirably from about 10 Wt. % to about 20 Wt. %, to 
about 30 Wt. % or to about 40 Wt. %. In absolute terms, the 
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4 
amount of pravastatin in a single oral formulation may range 
from about 1 mg to about 120 mg, and may desirably range 
from about 10 mg to about 80 mg. Preferably, the pravastatin 
in single oral dosage formulations is provided, most prefer 
ably as a sodium salt, in amounts of about 10 mg, 20 mg, 40 
mg or 80 mg. 
One aspect of the invention is that the inventive oral for 

mulations have one or more properties (e.g., pH, stability) for 
a certain period of time after preparation of the composition. 
The preparation date of the composition is When the pravas 
tatin-containing composition is converted into a ?nished form 
for administration, e. g., When tablets are formed by a tablet 
ing device. If this cannot be determined, one may obtain the 
preparation date by subtracting the period during Which the 
oral formulation is approved for sale from the expiration date 
of the formulation. 

In each embodiment of the present invention, the stable 
oral pharmaceutical formulations contemplated therein have 
a pH that is loWer relative to that exhibited by existing prav 
astatin oral formulations. In this regard, the pH of the inven 
tive formulations may range from about 7 to less than 9. 
Desirably, hoWever, the pH range of the formulation is closer 
to 7 than 9. The pH thus ranges more desirably from about 7 
to about 8.5, more desirably from about 7 to about 8, and still 
more desirably from about 7 to about 7.5. Preferably, the pH 
ranges from about 7 to about 8.7, more preferably from about 
7.0 to about 8.3, still more preferably from about 7.0 to about 
7.9, and most preferably from about 7.0 to about 7.3. These 
relatively loW pH ranges pose less risk to the gastric mucosa 
than existing pravastatin oral formulations having higher pH 
levels. 
The pH of the inventive pravastatin formulations may be 

determined using any one of a number of methods commonly 
knoWn in the art. For the purposes of reporting the pH of the 
formulation herein, hoWever, the pH Was measured using the 
folloWing procedure. The pravastatin oral dosage forms (a 
number su?icient to provide 20 mg of pravastatin) Were dis 
persed by stirring in 25 mL of room temperature Water. The 
pH of the resulting aqueous composition Was measured using 
a standard pH meter, such as the Beckman 360 pH/Temp/mV 
meter, this measurement providing the pH of the subject oral 
dosage form. 

Despite the formulation of the inventive oral dosage forms 
to possess relatively loW pH, the dosage forms are unexpect 
edly stable at these pH levels, and for unexpectedly long 
periods of time. In this regard, the formulations do not unduly 
degrade and become unusable after extended periods of time. 
At a minimum, the stability provided by the inventive oral 
formulations is at least 6 months from the date of their prepa 
ration, and is desirably stable for at least 12 months, more 
desirably for at least 18 months, preferably for at least 24 
months, more preferably for at least 30 months, and most 
preferably for at least 36 months. As Will be described in more 
detail beloW, stability may be measured using knoWn accel 
erated methodologies for assessing formulation degradation. 
The present invention contemplates pravastatin formula 

tions suitable for oral administration. The oral formulations 
of the present invention may be any suitable dosage form for 
oral (Which, for present purposes includes buccal) adminis 
tration. Desirably, the oral dosage form may constitute, for 
example, a tablet (including but not limited to solid tablets, 
dissolving tablets, caplets), capsule (including hard or soft 
gelatin capsules, soft elastic capsules and gelcaps) or troche. 
The oral dosage forms further may be formulated for imme 
diate or extended release (in the form of an extended release 
matrix or a plurality of particles incorporating pravastatin and 
a controlled release coating in each particle). Extended 
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release dosage forms, using one or more suitable known 
extended release agents or coating materials are preferred. 

In addition to pravastatin, the formulations of the present 
invention may include one or more pharmaceutically-accept 
able excipients. While the amount of excipients included in 
the formulations may vary, the amounts should be balanced 
With the amount of pravastatin so as to provide a ?nished 
formulation having a pH Within the ranges described herein. 
Generally, one may include from about 1% to about 80% 
excipients, With the amount desirably ranging from about 5 
Wt. % to about 70 Wt. %, preferably from about 10 Wt. %, 
more preferably from about 20 Wt. %, and more preferably 
from about 30 Wt. % up to about to about 40 Wt. %, preferably 
50 Wt. % and more preferably about 60 Wt. %, based on the 
total Weight of the formulation. 

The excipients found to be desirable for use in the inventive 
formulations are those that assist in providing the formulation 
With a pH that falls in the desired range. Without being bound 
to any particular theory, limiting or excluding those excipi 
ents that donate a proton in aqueous environments is desir 
able, as it is believed that excipients of this type do not inhibit 
degradation of the pravastatin. Examples of suitable pharma 
ceutically-acceptable excipients that have been found to 
assist in stabiliZing the inventive formulations include triso 
dium citrate dihydrate, tripotassium citrate, sodium ascor 
bate, sodium citrate, corn starch, and combinations thereof. 
Trisodium citrate dihydrate is an especially preferred excipi 
ent for inclusion in the inventive formulations. Surprisingly, it 
has been found that polyvinyl pyrrolidone (PVP) and Ac-di 
Sol (croscarmellose sodium) are desirably omitted from the 
inventive formulations, as each Was found to adversely affect 
the stability of pravastatin formulations. 

Illustrative of other desirable pharmaceutically-acceptable 
excipients that may be included in the present invention With 
out adversely affecting the basic and novel characteristics 
thereof are binders, disintegrants and lubricants. Other 
optional pharmaceutically-acceptable ingredients that may 
be included in the inventive oral formulations include preser 
vatives, stabiliZers, anti-adherents, glidants, coloring agents, 
and the like. 

Binders are commonly used in pharmaceutical formula 
tions to assist in holding the various components of the for 
mulation together, and, occasionally, used to adjust the drug 
release pro?le of a composition, e.g., to assist in providing a 
formulation With a controlled-release pro?le. Binders, When 
included in preferred formulations of the invention, are desir 
ably present in an amount of less than about 20 Wt. %, more 
desirably less than about 15 Wt. %, and preferably less than 
about 10 Wt. %, based on the Weight of the formulation. While 
a variety of knoW binders may be used in the preferred 
embodiments of the invention, preferred binders include 
cornstarch, modi?ed cornstarch, potato starch, hydroxypro 
pyl cellulose, and combinations thereof, With cornstarch 
being most preferred. 

Disintegrants are typically used in oral pharmaceutical 
formulations to aid in the post-administration dissolution of 
the formulations. Disintegrants, When included in preferred 
formulations of the invention, are desirably present in an 
amount ranging from about 0.5 Wt. % to about 15 Wt. %, and 
preferably from about 1 Wt. % to about 8 Wt. %, based on the 
Weight of the formulation. A variety of disintegrants may be 
used in the preferred embodiments of the invention. Illustra 
tive of these are sodium starch glycolate (Explotab), 
crospovidone, and combinations thereof, With the use of 
crospovidone being preferred. 

Lubricants may also be included in the preferred oral phar 
maceutical formulations contemplated by the invention. 
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6 
Lubricants are more preferably included When the ?nished 
oral formulation is a tablet, as the lubricant can aid in the 
tableting process. When present, lubricants may be present in 
any suitable amount, desirably ranging from about 0.2 Wt. % 
to about 5 Wt. %, and more desirably from about 0.5 to about 
2 Wt. %, based on the Weight of the formulation. Illustrative of 
lubricants that may be used in the present invention are mag 
nesium stearate, calcium stearate, talc and combinations 
thereof, With magnesium stearate being preferred. 

Fillers are commonly used in pharmaceutical formulations 
to increase the formulation to the desired mass/siZe. Prefer 
ably, and When present, the ?llers desirably may be included 
in amounts ranging from about 5 Wt. % to about 90 Wt. %, 
more desirably from about 10 Wt. % to about 70 Wt. %, and 
more preferably from about 20 Wt. % to about 60 Wt. %., 
based on the Weight of the formulation. Illustrative of ?llers 
that may be used in the pharmaceutical formulations of the 
present invention are lactose, mannitol, sugar, inorganic salts 
such as calcium sulfate, and combinations thereof, the ?ller 
preferably being lactose. 
When the excipients are selected and used in amounts that 

result in the ?nished oral pravastatin formulation having a pH 
Within the ranges recited herein, there is no need to include a 
basifying agent or a pH-adjusting buffering agent. Such 
agents have been used in existing compositions to increase 
the pH of the formulations to a relatively high pH. Desirably, 
then, the inventive formulations include only a minimal 
amount of a buffering agent (less than about 5 Wt. %, prefer 
ably less than about 3 Wt. %), and is preferably substantially 
free, or more preferably completely free, of buffering and 
basifying agents. Illustrative of buffering agents used in 
known formulations are sodium citrate, magnesium alumi 
num silicate; illustrative basifying agents include sodium 
phosphate. 
The inventive oral pharmaceutical formulations of the 

present invention may be prepared using the aforementioned 
ingredients in any of the recited ranges or amounts. In this 
regard, one preferred oral pravastatin pharmaceutical formu 
lation contemplated by the present invention comprises about 
3 Wt. % to about 50 Wt. % of pravastatin sodium, about 10 Wt. 
% to about 80 Wt. % lactose, less than about 10 Wt. % corn 
starch, about 2 Wt. % to about 8 Wt. % crospovidone, about 1.5 
Wt. % to about 5 Wt. % trisodium citrate dihydrate, and about 
0.5 Wt. % to about 2 Wt. % magnesium stearate. In this 
embodiment, the pH ranges from about 7 to about 7.5. 

In a related embodiment, the present invention provides a 
stable oral pravastatin composition comprising a physical 
mixture of pravastatin and at least one pharmaceutically 
acceptable excipient, Wherein the composition for at least 6 
months (and desirably for at least 12 months, more desirably 
for at least 18 months, preferably for at least 24 months, more 
preferably for at least 30 months, and most preferably for at 
least 36 months) after its preparation, after being placed in a 
sealed container, comprises less than about 2% lactone after 
residing for 3 months in a stability chamber set at 400 C. and 
75% relative humidity. 
The stability of the inventive composition is measured by 

the percentage of degradant formed over time, relative to the 
dosage of pravastatin in the formulation. The presence of one 
such degradant, lactone, may be used to quantify the stability 
of a formulation. Thus, one means of determining the relative 
stability of a pravastatin formulation is by measuring the 
amount of lactone (in Wt. % relative to the total formulation) 
present in the formulation at a speci?c time. An increase in the 
lactone content of a pravastatin formulation over time (e. g., as 
compared to an earlier determination of lactone content) evi 
dences a decrease in stability of the pravastatin formulation. 
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For purposes of the present invention, the lactone content 
of an oral pravastatin formulation may be measured after the 
formulation is placed in a sealed container With a desiccant 
and cotton and subjected to an accelerated degradation study. 
In this study, the container (in Which the formulation resides) 
is placed in a chamber set at a relatively high temperature (400 
C.) and humidity (75% relative humidity) for three months, 
after Which the formulation is analyZed for lactone content. 
When the inventive formulation is an oral dosage form 

comprising about 10 mg of pravastatin (or representative 
proportions thereof, e.g., 20 mg, 40 mg, etc.), the pH of the 
formulation is about 7 to less than 9, and the formulation is 
placed in a sealed container on the preparation date: (a) after 
about one month in the 40° C./75% RH stability chamber, the 
formulation comprises less than about 0.61 Wt. % (e.g., 0.6 
Wt. %) lactone, more preferably less than about 0.5 Wt. %, 
even more preferably less than about 0.2 Wt. %, still more 
preferably less than about 0.1 Wt. %, and most preferably less 
than about 0.05 Wt. % lactone; (b) after about tWo months in 
the 40° C./75% RH stability chamber, less than about 1.21 Wt. 
% (e.g., 1.2 Wt. %), more preferably less than about 1 Wt. %, 
even more preferably less than about 0.5 Wt. %, still more 
preferably less than about 0.3 Wt. % (e.g., 0.28 Wt. %), and 
most preferably less than about 0.15 Wt. % (e.g., 0.14 Wt. %) 
of the formulation comprises lactone; and (c) after about three 
months in the stability chamber, Which is designed to simulate 
tWo-years of shelf life from the date of preparation, less than 
about 2.05 Wt. % (e.g., 2 Wt. %), more preferably less than 
about 1.5 Wt. %, even more preferably less than about 1 Wt. %, 
still more preferably less than about 0.5 Wt. % (e.g., 0.41 Wt. 
%), and most preferably less than about 0.25 Wt. % of the 
formulation comprises lactone. 

The inventive formulations also experience a reduction in 
lactone formation relative to the lactone formation arising in 
knoWn pravastatin formulations When placed, in a sealed 
container, in a chamber set at 40° C./75% RH even When the 
stability evaluation is not commenced on the formulation 
preparation date. The same methodology described above 
applies. Indeed, the preferred pravastatin formulations of the 
present invention are stable, e.g., they exhibit the claimed pH 
levels, lactone content and/or Impurity A content, if placed in 
a sealed container With a desiccant and cotton, With the con 
tainer placed in a stability chamber set at 40° C. and 75% RH, 
at various intervals after its preparation. For example, the 
formulation is desirably stable at 3 months, 6 months, 9 
months, 12 months, 18 months, 24 months, 30 months, and at 
36 months from it date of preparation. 

Another aspect of the present invention relates to the dis 
covery of a neW impurity in pravastatin formulations, referred 
to as Impurity A, and a means of identifying this impurity. It 
Was further found that Impurity A may be used in assessing 
the stability of a pravastatin formulation. For example, the 
stability of a pravastatin formulation may be determined by 
measuring the amount of Impurity A, i.e., the Wt. % of Impu 
rity A based on the total Weight of the formulation, in a 
particular pravastatin formulation. 

Thus, in a further embodiment, the invention provides an 
oral pravastatin composition comprising pravastatin, Wherein 
the composition for at least 6 months (and desirably for at 
least 12 months, more desirably for at least 18 months, pref 
erably for at least 24 months, more preferably for at least 30 
months, and most preferably for at least 36 months) after its 
preparation, after being placed in an unsealed container, com 
prises less than about 0.34 Wt. % of a heretofore unknown 
impurity (referred to herein as Impurity A) after residing for 
1 Week in a stability chamber set at 55° C. and 75% relative 
humidity. 
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8 
Data useful in identifying Impurity A may be found in 

FIGS. 2-4, as described in more detail beloW. 

For purposes of the present invention, Impurity A may be 
measured using either open dish or closed dish accelerated 
degradation studies. 

Closed dish acceleration studies involve placing the prav 
astatin formulation in a sealed container With a desiccant and 
cotton, With the sealed container being placed in a stability 
chamber set at 40° C. and 75% RH for three months. After 
about three-months in the stability chamber, pravastatin for 
mulations (i.e., on a 10 mg pravastatin basis) comprises less 
than about 0.2 Wt. %, preferably less than about 0.15 Wt. %, 
even more preferably less than about 0.125 Wt. %, still more 
preferably less than about 0.11 Wt. %, and most preferably 
less than about 0.1 Wt. %, of Impurity A. 
Open dish accelerated degradation studies may be con 

ducted in a stability chamber set at a temperature of 55° C. and 
75% RH. Open dish studies re?ect storage and handling 
conditions often encountered during the shelf life of the tab 
lets. In the open dish study used in connection With the 
present invention, pravastatin formulations (commonly tab 
lets) are placed in open petri dishes, Which are in turn placed 
into the stability chamber (set at 55° C./75% RH). Degrada 
tion (Impurity A levels) are measured at one Week and/or one 
month intervals. 

Preferred pravastatin formulations of the present invention, 
after one-Week in the stability chamber, comprise less than 
about 0.36 Wt. %, more preferably less than about 0.3 Wt. %, 
even more preferably less than about 0.2 Wt. %, still more 
preferably less than about 0.1 Wt. %, and most preferably less 
than about 0.08 Wt. % of Impurity A. 

Pravastatin, lactone and Impurity A may be identi?ed by 
any suitable method knoWn in the art. For purposes of the 
present invention, as further discussed herein, pravastatin, 
lactone and Impurity A Were separated from a pravastatin 
composition by HPLC, Wherein the mobile phase consisted of 
a gradient With component A (80% buffer With pH of 7.0 and 
20% acetonitrile) and component B (100% acetonitrile), the 
150 mm><4.6 mm column being packed With L1 packing 
(Waters Xterna RP 18 5 u). The How rate Was 1 ml/min, With 
an injection volume of 20 pl. The column Was at ambient 
temperature and the sample temperature Was 80 C. The gra 
dient Was programmed as folloWs: 

Time (min) % A % B 

0 100 0 
15 100 0 
25 87.5 12.5 
35 87.5 12.5 
40 62.5 37.5 
54 62.5 37.5 
55 100 0 

The column also contained a UV detector adjusted to about 
238 nm. A chromatogram may then be generated from the 
HPLC, as Well as spectrum indices by diode array from the 
UV detector. 

FIG. 1 is a chromatogram by HPLC of Provacol® contain 
ing 10 mg of pravastatin after a closed dish accelerated deg 
radation study Was conducted in a stability chamber set at a 
temperature of 40° C. and 75% relative humidity. As shoWn in 
FIG. 1, the retention time of Impurity A is from about 7.3 
minutes to about 8.3 minutes; pravastatin from about 10.1 
minutes to about 12.1 minutes; and lactone from about 30.5 
minutes to about 34.2 minutes. Because the retention times 
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may vary depending on the conditions of the HPLC, a more 
meaningful identi?cation of these components by HPLC is 
relative retention time, i.e., the retention time relative to prav 
astatin. From FIG. 1, the relative retention time of ImpurityA 
is from about 0.68 to about 0.72; pravastatin is 1; and lactone 
from about 2.7 to about 3.2. As shoWn in FIG. 2, the spectrum 
index for Impurity A by diode array shoWs three maximum 
peaks at 221 1111111 nm, 265 1111111 nm, and 303 1111111 nm. As 
shoWn in FIG. 3, the spectrum index for pravastatin by diode 
array is 239 1111111 nm. As shoWn in FIG. 4, the spectrum index 
for lactone by diode array is 239 1111111 nm. 
A further aspect of the present invention provides a process 

for preparing the inventive oral pravastatin formulations 
described herein, Which process includes physically mixing 
pravastatin With one or more excipients. 

In an illustrative physical mixing process suitable for the 
preparation of oral tablet (or capsule) formulations by direct 
compression, the excipients are preferably milled until 100% 
of each excipient passes through a #80 mesh screen. A portion 
of the milled excipients may then be mixed With pravastatin. 
The resulting mixture may then, if desired, be milled through 
a #40 mesh screen, With the remaining portion of the excipi 
ents passed through the same screen. The resulting milled 
components may then be physically mixed together, folloWed 
by addition of a lubricant, and further mixed until a ?nal 
homogeneous mixture results. This ?nal mixture can then be 
compressed into tablets, each tablet containing, e.g., 10 mg, 
20 mg, 40 mg or 80 mg of pravastatin. Altemately, the mixture 
can be extruded and cut into beads to form capsules. 

Illustrative of a Wet granulation process useful in the prepa 
ration of tablets or capsules, a portion of the total amount of 
excipients may be dissolved in Water or an ethanol-Water 
mixture. The resulting mixture can then be used to granulate, 
for example, a mixture of a portion of the remaining excipi 
ents. The granulated mixture is then preferably passed 
through a #3 to # 12 mesh screen and dried in a ?uid-bed. The 
resulting dried granulates are then preferably milled through 
a #20 to #40 mesh screen. The remainder of the excipients 
may then be added and mixed until a ?nal homogeneous 
mixture results. The ?nal mixture can then be compressed 
into tablets, each tablet containing e. g., 10 mg, 20 mg, 40 mg, 
and 80 mg of pravastatin. Altemately, the mixture can be 
extruded and cut into beads to form capsules. 

In a further aspect, the invention contemplates therapeutic 
methods of using the aforementioned stable dosage forms of 
pravastatin. More speci?cally, the inventive methods contem 
plate administering to an animal, desirably a human in need of 
the folloWing therapy, an effective amount of the inventive 
stable oral pravastatin formulations described herein. Thera 
pies for Which the inventive formulations may be used 
include: (a) the primary prevention of coronary events (in 
hypercholesterolemic patients Without clinically evident 
coronary heart disease) to reduce the risk of: myocardial 
infarction; undergoing myocardial revasculariZation proce 
dures; and cardiovascular mortality With no increase in death 
from non-cardiovascular causes; (b) the secondary preven 
tion of cardiovascular events (in patients With clinically evi 
dent coronary heart disease) to reduce the risk of total mor 
tality by reducing coronary death; to reduce the risk of 
myocardial infarction; to reduce the risk of undergoing myo 
cardial revasculariZation procedures; to reduce the risk of 
stroke and stroke/transient ischemic attack (TIA); and to sloW 
the progression of coronary atherosclerosis; and (c) hyper 
lipidemia: as an adjunct to diet to reduce elevated total-C, 
LDL-C, Apo B and TG levels and to increase HDL-C in 
patients With primary hypercholesterolemia and mixed dys 
lipidemia; as adjunctive therapy to diet for the treatment of 
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10 
patients With elevated serum triglyceride levels; and in the 
treatment of patients With primary dysbetalipoproteinemia 
Who do not respond adequately to diet; and as an adjuct to diet 
and life-style modi?cation for treatment of HeFH in children 
and adolescent patients ages 8 years and older if after an 
adequate trial of diet the folloWing ?ndings are present: 1) 
LDL-C remains at least equal to 190 mg/dL or LDL-C 
remains at least equal to 160 mg/dL and there is a positive 
family history of premature cardiovascular disease or tWo or 
more other CVD risk factors are present in the patient. 

The folloWing examples further illustrate the invention but, 
of course, should not be construed as in any Way limiting its 
scope. All temperatures are expressed in degrees Centigrade 
and all mesh siZes are Us. Standard ASTME. 

EXAMPLES 

In the examples, pH of the commercial products Was mea 
sured by dispersing tablet(s) of 80 mg equivalent in 100 ml of 
Water. For the tablets of the inventive compositions, the pH 
Was measured by dispersing tablet(s) of 20 mg equivalent in 
25 mL of Water. The pH Was measured using a standard pH 
meter, such as the Beckman 360 pH/Temp/mV Meter. 

Example 1 

In this example, a preferred embodiment of the pravastatin 
formulations of the present invention prepared by physically 
mixing the components until a homo genous mixture is 
obtained folloWed by direct compression to provide a tablet. 

INGREDIENT WT. % 

Pravastatin 10 
Lactose (fast-?o) 81 
Crospovidone 5 
Trisodium citrate dihydrate 3 
Magnesium stearate 1 

Example 2 

This example sets forth another preferred pravastatin for 
mulation of the present invention prepared by physically mix 
ing the components until a homogenous mixture is obtained 
folloWed by direct compression to provide a tablet. 

INGREDIENT WT. % 

Pravastatin 10 
Lactose (fast-?o) 83 
Crospovidone 4 
Trisodium citrate dihydrate 1.5 
Magnesium stearate 1.5 

Example 3 

This is yet another example of a preferred pravastatin for 
mulation of the present invention. 
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-continued 

INGREDIENT WT. % % Lactone 

Pravastatih 10 pH Initial l-month 3-months 
Lactose 81 5 
Crospovidone 5 Pravachol ® 20 mg 10 0.35 0.46 1.5 
Sodium citrate 3 (1.5 years prior to 
Magnesium stearate 1 expiration date) 

Pravachol ® 80 mg 10 0.03 0.1 0.27 
(2.5 years prior to 

The sodium citrate Was milled to a ?ne powder, and Was then 10 expiration date) 

mixed W1th'praVastat1n, crosp'ov1done and a port1on of lac i 8:83 8:13 8:42‘? 
tose. The mixture Was then m111ed through #20 to #40 mesh 
screen, and the remaining portion of lactose Was passed 
through the same screen. The resulting mixture Was thor 
oughly mixed. Magnesium stearate Was then added and 15 Example 6 
mixed for 1 to 3 minutes. The resulting ?nal mixture Was 
compressed into tablets. This example demonstrates a preferred dry blend granula 

tion process that may be used to prepare preferred stable oral 
Example 4 pravastatin pharmaceutical formulations of the present inven 

_ _ 20 tion. 30 grams of trisodium citrate Was milled until 100% of 

A furthehexample Ofa Preferred Pravastatln formulat1on of this excipient passed through a #80 mesh screen. The milled 
the Present mventlon' trisodium citrate Was then mixed With 100 grams of pravas 

tatin, 50 grams of crospovidone, and 404.25 grams of lactose. 
The total mixture Was then milled through mesh screens #20 

INGREDIENT WT % 25 to #40, at Which time 404.25 grams of lactose Were passed 
I through the same screen. The resulting mixture Was mixed for 

?ggztjtm 315g 15 minutes. 10 grams of magnesium stearate Was added to the 
crospovidom 4 mixture and mixed for an additional 1 to 3 minutes. The 
Sodium ‘citrate 1.5 30 resulting ?nal mixture Was compressed into about 10,000 100 
Magneslum stearate 1'5 mg pravastatin tablets. 

The sodium citrate Was milled to a ?ne poWder, Which Was Example 7 
then mixed With pravastatin, crospovidone and a portion of _ _ 
lactose. The mixture Was then milled through #20 to #40 mesh 35 Thls eXaIhPte dehlchstrates a Preferred Wet grahhlatleh 
screen, and the remaining portion of lactose Was passed PreceSS useful 1h PrePanhg a Preferred Stahle Oral PraVaStatlh 
through the same screen. The resulting mixture Was mixed. Phahhaceutical fchhhlatich cf the Preseht ihVehtieh- 30 
Magnesium stearate Was then added and mixed for 1 to 3 grams of trisodium citrate Was dissolved in 200 grams of 
minutes. The resulting mixture Was compressed into tablets. Watch The reshltihg mixture Was theh used to grahhlate a 

40 mixture of 485.1 grams of lactose and 30 grams of crospovi 
Example 5 done. The granulated mixture Was then passed through a #3 to 

#12 mesh screen and dried in a ?uid-bed drier for 15 minutes. 
This example demonstrates the stability Of preferred praV- The dried granulates Were then milled through a #20 IO #40 

astatin formulations of the present invention having a pH of mesh Screen- NBXI, 20 grams OfCFOSPOVidOIIB, 323-1 grams of 
less than about 7.5 (as described in Examples 3 and 4) relative 45 lactose and 10 grams of magnesium stearate Were added 
to Pravachol® tablets Which have a pH of 10.0. Accelerated thereto and mixed for about 15 minutes until a ?nal homoge 
degradation studies Were conducted ina stability chamber set neeus mixture is obtained The resulting ?nal mixture Was 
at a temperature of 40° C_ and 75% RH' Sealed bottles een- compressed into about 10,000 100 mg pravastatin tablets. 
taining the subject pravastatin pharmaceutical formulations, a 
desiccant and cotton Were placed in the stability chamber, 50 Example 8 
With the extent of degradation measured in one-month inter 
vals. Three-months in the stability chamber is intended to This example Prc‘hdeS ahcther hhlstratich of a Preferred 
simulate a tWo-year shelf life from the date of manufacture. Stable Oral Pharmacehtica1 fchhhlatich cf the Preseht ihVeh' 
The stability of the pravastatin formulations Was measured by tlch 
determining the percentage of lactone present therein. An 55 
increasing percentage of lactone over time correlates to an 
increase in pravastatin formulation degradation, and indicates 

. . . . INGREDIENT WT. % 

a decrease in formulat1on stab1l1ty. 
Pravastatin sodium 10 
Mannitol 66 

60 Microcrystalline Cellulose 13 

% Lacton? Corn Starch 6 
Crospovidone 4 

pH Initial 1-month 3-months Magnesium stearate 1 

Pravachol ® 10 mg 10 0.45 0.61 2.05 _ _ _ _ 

65 Pravastatin sod1um, m1crocrystall1ne cellulose, corn starch, (1 year prior to 
expiration date) and part of mannitol Were granulated With Water. The gran 

ules Were then dried and milled. The remainder of the man 
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nitol and crospovidone Were then mixed With the granules. 
The magnesium stearate Was then mixed therein, and the 
resulting composition Was compressed into tablets. 

Example 9 

This example provides yet another illustration of a pre 
ferred stable oral pharmaceutical formulation of the present 
invention. 

INGREDIENT WT. % 

Pravastatin sodium 10 
Mannitol 66 
Microcrystalline Cellulose 13 
Com Starch 6 
Sodium Starch glycolate 4 
Magnesium stearate 1 

Pravastatin sodium, microcrystalline cellulose, corn starch, 
and part of mannitol Were granulated With Water. The gran 
ules Were dried and milled. The remainder of the mannitol and 
sodium starch glycolate Were then mixed With the granules. 
The magnesium stearate Was then mixed in, and the resulting 
composition Was compressed into tablets. 

Example 10 

This example demonstrates the stability of a preferred oral 
pravastatin formulation of the present invention having a pH 
of less than about 7.5 relative to Pravachol® Which has a pH 
of 10.0. Accelerated degradation studies Were conducted in a 
stability chamber set at a temperature of 55° C. and 75% RH. 
The open stability study Was performed by placing the tablets 
onto an open petri dish, and then placing the petri dish into the 
stability chamber. On exposure to moisture in the presence of 
high pH (greater than 9), lactone formation Was prohibited. 
HoWever, there Was an appreciable increase in the amount of 
Impurity A in the Pravachol® tablets, but not in the tablets of 
the present invention (Examples 8 and 9). 

% Lactone % Impurity A 

pH Initial 1-Week Initial 1-Week 

Pravachol ® 10 mg 10 0.45 0.04 0.02 0.48 
(1 year prior to 
expiration date) 
Pravachol ® 20 mg 10 0.35 0.03 0 0.34 
(1.5 years prior to 
expiration date) 
Pravachol ® 40 mg 10 0.25 0.03 0 0.36 
(2 years prior to 
expiration date) 
Example 8 7.0 0.06 0.23 0.04 0.08 
Example 9 7.1 0.06 0.17 0.04 0.08 

All references, including publications, patent applications, 
and patents, cited herein are hereby incorporated by reference 
to the same extent as if each reference Were individually and 
speci?cally indicated to be incorporated by reference and 
Were set forth in its entirety herein. 

The use of the terms “a” and “an” and “the” and similar 
referents in the context of describing the invention (especially 
in the context of the folloWing claims) are to be construed to 
cover both the singular and the plural, unless otherWise indi 
cated herein or clearly contradicted by context. The terms 
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14 
“comprising,” “having, mcluding,” and “containing” are to 
be construed as open-ended terms (i.e., meaning “including, 
but not limited to,”) unless otherWise noted. Recitation of 
ranges of values herein are merely intended to serve as a 
shorthand method of referring individually to each separate 
value falling Within the range, unless otherWise indicated 
herein, and each separate value is incorporated into the speci 
?cation as if it Were individually recited herein. All methods 
described herein can be performed in any suitable order 
unless otherWise indicated herein or otherWise clearly con 
tradicted by context. The use of any and all examples, or 
exemplary language (e.g., “such as”) provided herein, is 
intended merely to better illuminate the invention and does 
not pose a limitation on the scope of the invention unless 
otherWise claimed. No language in the speci?cation should be 
construed as indicating any non-claimed element as essential 
to the practice of the invention. 

Preferred embodiments of this invention are described 
herein, including the best mode knoWn to the inventors for 
carrying out the invention. Variations of those preferred 
embodiments may become apparent to those of ordinary skill 
in the art upon reading the foregoing description. The inven 
tors expect skilled artisans to employ such variations as 
appropriate, and the inventors intend for the invention to be 
practiced otherWise than as speci?cally described herein. 
Accordingly, this invention includes all modi?cations and 
equivalents of the subject matter recited in the claims 
appended hereto as permitted by applicable laW. Moreover, 
any combination of the above-described elements in all pos 
sible variations thereof is encompassed by the invention 
unless otherWise indicated herein or otherWise clearly con 
tradicted by context. 
What is claimed is: 
1. A method for prophylactic treatment of coronary events, 

prophylactic treatment of cardiovascular events or therapeu 
tic treatment of hyperlipidemia in a human in need thereof, 
Which method comprises administering to the human an 
effective amount of a stable oral pravastatin formulation con 
sisting of a physical mixture of 10 Wt. % pravastatin sodium, 
66 Wt. % mannitol, 13 Wt. % microcrystalline cellulose, 6 Wt. 
% corn starch, 4 Wt. % crospovidone or sodium starch glyco 
late, and 1 Wt. % magnesium stearate, Wherein, When an 
amount of the formulation su?icient to provide 20 mg of 
pravastatin is dispersed by stirring in 25 mL of room tempera 
ture Water, the formulation has a pH in the range of about 7 to 
about 7.5, Whereupon said human is treated. 

2. The method of claim 1, Wherein the formulation, upon 
placement of the formulation on the day of preparation onto 
an open Petri dish and placed into a stability chamber set at 55 
° C. and 75% relative humidity, contains 0.23 Wt. % or less of 
lactone and 0.08 Wt. % or less of Impurity A after the formu 
lation has been in the open dish in the stability chamber for at 
least 1 Week. 

3. The method of claim 1, Wherein the human is in need of 
prophylactic treatment of a coronary event. 

4. The method of claim 1, Wherein the human is in need of 
prophylactic treatment of a cardiovascular event. 

5. The method of claim 1, Wherein the human is in need of 
therapeutic treatment of hyperlipidemia. 

6. The method of claim 2, Wherein the human is in need of 
prophylactic treatment of a coronary event. 

7. The method of claim 2, Wherein the human is in need of 
prophylactic treatment of a cardiovascular event. 

8. The method of claim 2, Wherein the human is in need of 
therapeutic treatment of hyperlipidemia. 

* * * * * 


